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(57) ABSTRACT

A driving support device and a driving support method,
which can appropriately determine whether driving support
is necessary and perform effective driving support, are
provided. A driving support device calculates TTC, which is
a time required for the vehicle to arrive at an intersection
point at which the vehicle and a moving object intersect in
the traveling direction of the vehicle and in a direction
intersecting with the traveling direction, and TTV required
for the moving object to arrive at the intersection point, and
performs driving support in the vehicle based on the relative
relation between TTC and TTV.
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1
DRIVING SUPPORT DEVICE AND DRIVING
SUPPORT METHOD

TECHNICAL FIELD

The present invention relates to a driving support device
and a driving support method that provide driving support
for avoiding collision between a vehicle and a moving
object.

BACKGROUND ART

The driving support device described in Patent Literature
1 is known as a conventional driving support device. The
driving support device described in Patent Literature 1
detects the position of an object present in the traveling
direction of the vehicle and determines whether the hori-
zontal moving speed of the detected object in the traveling
direction is equal to or lower than a predetermined speed. If
it is determined that the horizontal moving speed is equal to
or lower than a predetermined speed, the driving support
device determines whether the vehicle will contact the
moving object based on the detection angle composed of the
detection direction of the moving object and the traveling
direction of the vehicle.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Publica-
tion No. 2010-257298 (JP 2010-257298 A)

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

In a situation in which a pedestrian ahead of a vehicle is
going to cross the road, the pedestrian may have finished
crossing the road when a vehicle reaches the point at which
the pedestrian is present, in which case there is no need to
perform driving support for avoiding collision with the
pedestrian. Even in such a case, if the horizontal moving
speed is equal to or lower than a predetermined speed, the
conventional driving support device may determine the
possibility of contact based on the detection angle with the
vehicle and perform driving support. Therefore, unnecessary
driving support may be performed, in which case the driver
may feel uncomfortable about the difference from the actual
situation.

The present invention is intended to solve the problem
described above, and it is an object of the present invention
to provide a driving support device and a driving support
method that can appropriately determine whether driving
support is necessary and perform effective driving support.

Means for Solving the Problem

To solve the problem described above, a driving support
device according to the present invention is a driving
support device that performs driving support for avoiding
collision between a vehicle and a moving object, the driving
support device characterized in that a first time and a second
time are calculated, the first time being a time required for
the vehicle to arrive at an intersection point at which the
vehicle and the moving object intersect in a traveling
direction of the vehicle and in a direction intersecting with
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the traveling direction, the second time being a time required
for the moving object to arrive at the intersection point and
driving support is performed in the vehicle based on a
relative relation between the first time and the second time.

This driving support device predicts the first time required
for the vehicle to arrive at an intersection point in the
traveling direction and the second time required for the
moving object to arrive at the intersection point in the
direction intersecting with the traveling direction, that is, in
the direction lateral to the vehicle and performs driving
support in the vehicle based on the relative relation between
the predicted first time and second time. In this manner, by
predicting the second time required for the moving object to
arrive at the intersection point, driving support may be
performed based on accurate determination on whether
driving support is necessary. As a result, effective driving
support may be performed.

The driving support device includes first time-prediction
means for predicting the first time required for the vehicle to
arrive at the intersection point in the traveling direction;
second time-prediction means for predicting the second time
required for the moving object to arrive at the intersection
point in a direction intersecting with the traveling direction;
driving support determination means for determining
whether driving support is to be performed in the vehicle by
applying the first and second times, predicted by the first and
second time-prediction means, to a pre-set map; and driving
support control means for controlling driving support in the
vehicle if the driving support determination means deter-
mines that driving support is to be performed in the vehicle.
By applying the first time and the second time to the pre-set
map in this manner, whether driving support is necessary can
be determined accurately.

The driving support device further includes travel state
detection means for detecting a travel state of the vehicle;
and moving object state detection means for detecting a state
of the moving object wherein the first and second time-
prediction means predict the first time and the second time
respectively, based on a travel state of the vehicle detected
by the travel state detection means and a state of the moving
object detected by the moving object state detection means.
This configuration allows the first time and the second time
to be predicted more accurately.

A first area, for which driving support is determined
unnecessary, and a second area, for which driving support is
determined necessary, are set in the map, and the driving
support determination means determines that driving sup-
port is to be performed in the vehicle if a point representing
a relation between the first time and the second time is
present in the second area. By using this map, whether
driving support is necessary may be determined more accu-
rately.

A plurality of driving support contents is set each in the
second area according to urgency and the driving support
control means determines control contents of driving sup-
port to be performed in the vehicle according to contents of
driving support that are set in the second area of the map.
This configuration allows driving support to be performed
appropriately according to the relative relation between the
vehicle and the moving object.

A driving support method according to the present inven-
tion is a driving support method for avoiding collision
between a vehicle and a moving object, the driving support
method characterized in that a first time and a second time
are calculated, the first time being a time required for the
vehicle to arrive at an intersection point at which the vehicle
and the moving object intersect in a traveling direction of the
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vehicle and in a direction intersecting with the traveling
direction, the second time being a time required for the
moving object to arrive at the intersection point and driving
support is performed in the vehicle based on a relative
relation between the first time and the second time.

This driving support method predicts the first time
required for the vehicle to arrive at an intersection point in
the traveling direction and the second time required for the
moving object to arrive at the intersection point in the
direction intersecting with the traveling direction, that is, in
the direction lateral to the vehicle and performs driving
support in the vehicle based on the relative relation between
the predicted first time and second time. In this manner, by
predicting the second time required for the moving object to
arrive at the intersection point, driving support may be
performed based on accurate determination on whether
driving support is necessary. As a result, effective driving
support may be performed.

The driving support method includes a first time-predic-
tion step for predicting the first time required for the vehicle
to arrive at the intersection point in the traveling direction;
a second time-prediction step for predicting the second time
required for the moving object to arrive at the intersection
point in a direction intersecting with the traveling direction;
a driving support determination step for determining
whether driving support is to be performed in the vehicle by
applying the first and second times, predicted by the first and
second time-prediction steps, to a pre-set map; and a driving
support control step for controlling driving support in the
vehicle if the driving support determination step determines
that driving support is to be performed in the vehicle.

The driving support method further includes a travel state
detection step for detecting a travel state of the vehicle; and
a moving object state detection step for detecting a state of
the moving object wherein the first and second time-predic-
tion steps predict the first time and the second time respec-
tively, based on a travel state of the vehicle detected by the
travel state detection step and a state of the moving object
detected by the moving object state detection step.

Effects of the Invention

According to the present invention, whether driving sup-
port is necessary is appropriately determined and driving
support can be performed effectively.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a driving support device in
one exemplary embodiment.

FIG. 2 is a diagram showing a map.

FIG. 3 is a diagram showing a determination method of a
driving support determination unit for determining whether
driving support is necessary.

FIG. 4 is a flowchart showing the operation of the driving
support device.

MODES FOR CARRYING OUT THE
INVENTION

A preferred exemplary embodiment of the present inven-
tion is described below in detail with reference to the
attached drawings. In the description of the drawings, the
same or equivalent elements are represented by the same
reference numerals, and duplicate description is eliminated.

FIG. 1 is a diagram showing the configuration of a driving
support device in one exemplary embodiment. A driving
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support device 1 shown in FIG. 1 is a device that is installed
in a vehicle, such as a car, to perform driving support for
avoiding collision with a moving object such as a pedestrian
or a bicycle. Driving support includes such processing as
performing direct intervention control, such as braking and
steering, for the vehicle and issuing a warning to the driver.

As shown in FIG. 1, the driving support device 1 includes
an ECU (Electronic Control Unit) 3. A moving object
detection sensor (moving object state detection means) 5, a
vehicle sensor (traveling state detection means) 7, an HMI
(Human Machine Interface) 9, and an intervention control
ECU 11 are connected to the ECU 3. The ECU 3 and the
intervention control ECU 11, each of which is an electronic
control unit configured by a CPU [Central Processing Unit],
a ROM [Read Only Memory], and a RAM [Random Access
Memory], operate according to a program.

The moving object detection sensor 5 is an outside-world
sensor that detects a moving object. The moving object
detection sensor 5 is imaging means, for example, a laser
radar, a millimeter wave radar, or a camera. When the
moving object detection sensor 5 is a millimeter wave radar,
it detects a moving object ahead of the vehicle by sending
and receiving a frequency-modulated, millimeter-wave-
band radar wave and, based on the detection result, gener-
ates moving object information such as the position and the
speed of the moving object. The moving object detection
sensor 5 outputs moving object information to the ECU 3.
When the moving object detection sensor 5 is a camera, it
performs image processing for an imaged image and gen-
erates moving object information. The moving object detec-
tion sensor 5 may be configured by both a millimeter wave
radar and a camera.

The vehicle sensor 7 is an inner-angle sensor that detects
the traveling state of the vehicle. The vehicle sensor 7 is, for
example, a yaw rate sensor that detects the yaw rate of the
vehicle, a steering angle sensor that detects the steering
angle of the steering, or a vehicle speed sensor that detects
the vehicle speed (traveling speed) of the vehicle. The
vehicle sensor 7 outputs vehicle information, which indi-
cates the detected traveling state of the vehicle, to the ECU
3.

The ECU 3 includes a collision time prediction unit (first
time-prediction means, second time-prediction means) 31, a
map storage unit 33, a driving support determination unit
(driving support determination means) 35, and a driving
support control unit (driving support control means) 34.

The collision time prediction unit 31 is a part that predicts
the time to the moment when the vehicle and a moving
object arrive at the intersection point. When the moving
object information, output from the moving object detection
sensor 5, and the vehicle information, output from the
vehicle sensor 7, are received, the collision time prediction
unit 31 calculates the time of collision between the vehicle
and the moving object, that is, the time to the moment when
the vehicle and the moving object arrive at the intersection
point at which the driver’s vehicle and the moving object
intersect, based on the moving object information and the
vehicle information.

The collision time prediction unit 31 finds the predicted
trajectory of the vehicle based on the vehicle information
and calculates the time to the moment when the vehicle
arrives the intersection point, that is, TTC (Time To Colli-
sion, first time) that is the value indicating in how many
seconds the vehicle will collide with the moving object
when vehicle continues traveling in the traveling direction in
the current state. In addition, the collision time prediction
unit 31 finds the speed vector of the moving object based on
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the moving object information and calculates the time to the
moment when the moving object arrives at the intersection
point, that is, TTV (Time To Vehicle, second time) that is the
value indicating in how many seconds the moving object
will collide with the vehicle when the moving object con-
tinues moving in the direction (direction lateral to the
direction of vehicle), in which the moving object will
intersect with the vehicle, in the current state.

The collision time prediction unit 31 calculates TTC and
TTV using expression (1) and expression (2) given below.

TTC=x/(V-vx) (€8]

TTV=y/vy 2)

In expressions (1) and (2) given above, V indicates the speed
of the vehicle, x and y indicate the relative position of the
moving object, and vx and vy indicate the speed of the
moving object. The collision time prediction unit 31 outputs
the TTC information and the TTV information, which indi-
cate the calculated TTC and TTV respectively, to the driving
support determination unit 35.

The map storage unit 33 stores the map M. FIG. 2 is a
diagram showing a map. As shown in FIG. 2, with TTC [s]
on the vertical axis and TTV [s] on the horizontal axis, the
map M indicates the relative relation between TTC and TTV.
In the map M, the origin is set to the intersection point
between the vehicle and the moving object. In the map M,
as a point is away from the origin (as TTC and TTV becomes
large), the point indicates a location away from the inter-
section point. In the map M, two types of area are set:
driving support unnecessary area (first area) Al and driving
support area (second area) A2. The map M is described more
in detail below.

The driving support area A2 is an area surrounded by the
function y=fx(TTC, TTV). The two straight lines defining
the driving support area A2 are set by the difference (TTC-
TTV) between TTC and TTV. In the map M, T, and T, are
set, for example, to 1 to 3 seconds.

In the driving support area A2, a plurality of areas are set
in advance according to the urgency of the control contents
of driving support: an HMI area A21, an intervention control
area A22, and an urgency intervention control area A23. The
HMI area A21 is an area in which driving support, such as
the issuance of a warning to the driver, is performed. The
intervention control area A22 is set inside the HMI area A21.
The intervention control area A22 is an area in which
intervention control, such as braking is performed. The
urgency intervention control area A23 is an area in which
sudden braking is applied to perform urgency intervention
control for avoiding collision. The urgency intervention
control area A23 is set near to the origin of the map M, that
is, to the part near to the intersection point between the
vehicle and the moving object.

The driving support unnecessary area Al is a part other
than the driving support area A2 and is an area that does not
require driving support for avoiding collision between the
vehicle and the moving object. That is, when an area
corresponds to the driving support unnecessary area Al, it
means that the moving object will already passed through
the intersection point when the vehicle arrives at the inter-
section point or that the moving object is far from the
intersection point.

The map M may be map in which the driving support area
A2 and driving support unnecessary area Al are set based on
experimental data or in which the driving support area A2
and the driving support unnecessary area Al are set through
learning about the driver’s driving characteristics (accelera-
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tor characteristics, brake characteristics). In the map M, the
control amount of driving support may be set for the
intervention control area A22 and the urgency intervention
control area A23. The map M memorized (stored) in the map
storage unit 33 may be rewritten (update of map M).

The driving support determination unit 35 is a part that
determines whether driving support is to be performed in the
vehicle. The driving support determination unit 35 applies
TTC and TTV to the map M to determine whether to
perform driving support in the vehicle. More specifically, the
driving support determination unit 35 applies the TTC
information and the TTV information, output from the
collision time prediction unit 31, to the map M to determine
in which area in the map M the intersecting point between
TTC and TTV (point indicating the relation between TTC
and TTV) is located. For example, when TTC and TTV
intersect at the point P1 as shown in FIG. 3, the driving
support determination unit 35 determines not to perform
driving support in the vehicle because the point P1 belongs
to the driving support unnecessary arca Al. That is, when
TTC and TTV intersect at the point P1, the vehicle will have
passed through the intersection point when the moving
object arrives at the intersection point.

On the other hand, when TTC and TTV intersect at the
point P2, the driving support determination unit 35 deter-
mines to perform driving support in the vehicle because the
point P2 belongs to the driving support area A2 (intervention
control area A22). If it is determined to perform driving
support, the driving support determination unit 35 outputs
support performing information, which includes information
indicating at least one of the HMI area A21, intervention
control area A22, and urgency intervention control area A23,
to the driving support control unit 34.

Returning to FIG. 1, the driving support control unit 34 is
a part that controls driving support in the vehicle. When the
support performing information, output from the driving
support determination unit 35, is received, the driving sup-
port control unit 34 controls driving support (intervention
control) based on the support performing information. The
intervention control is, for example, braking control or
steering control. If the information on the HMI area A21 is
included in the support performing information, the driving
support control unit 34 outputs the warning instruction
signal to the HMI 9.

If the information indicating the intervention control area
A22 and the urgency intervention control area A23 is
included in the support performing information, the driving
support control unit 34 calculates the control amount of
intervention control. If the control amount is set in the
intervention control area A22 and the urgency intervention
control area A23 in the map M, the driving support control
unit 34 calculates the control amount of braking (target
acceleration (deceleration acceleration), speed) based on the
map M. If the control amount is not set in the map M, the
driving support control unit 34 calculates the control amount
based on the expression (3) given below.

axTTC+PxTTV+y 3)

where, o and [ are coefficients and y is a constant. a,f3,
and y are set based on experiment values. The control
amount of steering is calculated based on experiment values
and a predetermined expression. The driving support control
unit 34 outputs the intervention control signal, which
includes the control amount, to the intervention control ECU
11.

The HMI 9 is, for example, a buzzer, an HUD (Head Up
Display), the monitor of the navigation system, or a meter
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panel. When the warning instruction signal, output from the
ECU 3, is received, the HMI 9 outputs a voice warning, or
displays a warning message, to warn the driver that there is
a moving object in the forward direction. For example, when
the HMI 9 is an HUD, a popup indicating that there is a
moving object is displayed on the front glass.

The intervention control ECU 11 is an ECU that performs
intervention control in the vehicle. When the intervention
control signal, output from the ECU 3, is received, the
intervention control ECU 11, composed of the brake ECU
and engine ECU (both not shown), controls the brake
actuator and the steering actuator (both not shown) accord-
ing to the control amount, included in the intervention
control signal, to perform automatic intervention control.

Next, the operation of the driving support device 1 is
described below. FIG. 4 is a flowchart showing the operation
of the driving support device.

As shown in FIG. 4, the moving object detection sensor
5 detects the state of an moving object (step S01), or the
vehicle sensor 7 detects the traveling state of the vehicle
(step S02). Next. the collision time prediction unit 31
calculates TTC and TTV based on the moving object infor-
mation and the vehicle information detected by the moving
object detection sensor 5 and the vehicle sensor 7 respec-
tively (step S03).

Next, the driving support determination unit 35 applies
the calculated TTC and TTV, calculated by the collision time
prediction unit 31, to the map M stored in the map storage
unit (step S04) and determines whether to perform driving
support in the vehicle.

The driving support determination unit 35 determines
whether the intersection between TTC and TTV belongs to
the HMI area A21, that is, whether the intersection belongs
to the driving support area A2 (step S05). If it is determined
that the intersection belongs to the HMI area A21, the HMI
operation flag is set to “1” (step S06). On the other hand, if
it is not determined that the intersection belongs to the HMI
area A21, that is, the intersection belongs to the driving
support unnecessary area Al, the processing returns to step
S01.

Next, the driving support control unit 34 determines
whether the intersection belongs to the intervention control
area A22 (step S07). If it is determined that the intersection
belongs to intervention control area A22, the driving support
control unit 34 calculates the control amount of intervention
control, for example, based on the map M (step S08). On the
other hand, if it is not determined that the intersection
belongs to the intervention control area A22, the processing
proceeds to step S11.

Next, the driving support control unit 34 determines
whether the intersection belongs to the urgency intervention
control area A23 (step S09). If it is determined that the
intersection belongs the urgency intervention control area
A23, the driving support control unit 34 calculates the
control amount for avoiding emergency (step S10). On the
other hand, if it is not determined that the intersection
belongs to the urgency intervention control area A23, the
processing proceeds to step S11.

In step S11, driving support is performed. More specifi-
cally, the HMI 9 warns the driver and, at the same time, the
intervention control ECU 11 performs intervention control.

As described above, the collision time prediction unit 31
predicts TTC and TTV through calculation in this exemplary
embodiment, and the driving support determination unit 35
applies the calculated TTC and TTV to the map M to
determine whether to perform driving support in the vehicle.
In this manner, whether driving support should be performed
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may be determined appropriately by predicting TTV that is
the time for the moving object to arrive at the intersection
point, that is, the collision time in the direction in which the
moving object approaches the vehicle. As a result, this
exemplary embodiment can avoid a situation, in which
driving support is performed even after a moving object has
crossed the roadway, allowing effective driving support to be
performed without making the driver feel uncomfortable.

In the map M, the driving support unnecessary area Al
and the driving support area A2 are set and, in the driving
support area A2, the HMI area A21, intervention control area
A22, and urgency intervention control area A23 are set. The
use of such a map M allows the necessity of driving support
to be determined accurately and, at the same time, driving
support to be performed properly according to the situation.

The present invention is not limited to the exemplary
embodiment described above. For example, though the HMI
9 also issues a warning message in the exemplary embodi-
ment described above when the intervention control ECU 11
performs intervention control, the HMI 9 may not issue a
warning when intervention control is performed.

In addition to the exemplary embodiment described
above, another configuration is also possible in which means
for acquiring surrounding information (environment) on the
vehicle is provided to perform driving support according to
the situation of the surrounding area of the vehicle (for
example, whether an oncoming car is present).

DESCRIPTION OF REFERENCE NUMERALS

1. .. Driving support device, 3 ... ECU, 5 . . . Moving
object detection sensor, 7 . . . Vehicle sensor, 31 . . . Collision
time prediction unit (first time-prediction unit, second time-
prediction unit), 33 . . . Map storage unit, 35 . . . Driving
support determination unit (driving support determination
means), 34 . . . driving support control unit (driving support
control means), M . . . Map

The invention claimed is:

1. A driving support device that performs driving support
for avoiding collision between a vehicle and a moving
object, the driving support device comprising:

circuitry configured to:

predict a first time required for the vehicle to arrive at
an intersection point in a traveling direction, the
intersection point being a point at which the vehicle
and the moving object intersect in the traveling
direction of the vehicle and in a direction intersecting
with the traveling direction;

predict a second time required for the moving object to
arrive at the intersection point in the direction inter-
secting with the traveling direction;

determine whether driving support is to be performed
in the vehicle by applying the predicted first and
second times to a pre-set map; and

control driving support in the vehicle if driving support
is determined to be performed in the vehicle,

wherein a first area, for which driving support is deter-

mined unnecessary, and a second area, for which driv-

ing support is determined necessary, are set in the map,

and

wherein driving support is determined to be performed in

the vehicle if an intersecting point between the first
time and the second time is present in the second area,
the intersecting point representing a relation between
the first time and the second time.

2. The driving support device according to claim 1,
wherein the circuitry is further configured to:
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detect a travel state of the vehicle; and
detect a state of the moving object, and

wherein the first time and the second time are predicted,
respectively, based on a travel state of the vehicle
detected by the travel state detection portion and a state
of the moving object detected by the moving object
state detection portion.

3. The driving support device according to claim 1,
wherein a plurality of driving support contents is set in the
second area in advance according to urgency, and

wherein the circuitry is further configured to determine
control contents of driving support to be performed in
the vehicle according to contents of driving support that
are set in the second area of the map.

4. A driving support method for avoiding collision
between a vehicle and a moving object, the driving support
method comprising,

predicting a first time required for the vehicle to arrive at
an intersection point in a traveling direction, the inter-
section point being a point at which the vehicle and the
moving object intersect in the traveling direction of the
vehicle and in a direction intersecting with the traveling
direction;
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predicting a second time required for the moving object to
arrive at the intersection point in the direction inter-
secting with the traveling direction;

determining whether driving support is to be performed in
the vehicle by applying the first and second times to a
pre-set map; and

controlling driving support in the vehicle if performing
the driving support in the vehicle is determined,

wherein a first area, for which driving support is deter-
mined unnecessary, and a second area, for which driv-
ing support is determined necessary, are set in the map,
and

wherein driving support is determined to be performed in
the vehicle if an intersecting point between the first
time and the second time is present in the second area,
the intersecting point representing a relation between
the first time and the second time.

5. The driving support method according to claim 4,

further comprising:

detecting a travel state of the vehicle; and

detecting a state of the moving object wherein

the first time and the second time are predicted respec-
tively, based on the travel state of the vehicle and the
state of the moving object.
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